continental regions of the Arctic.
Enter Obrist et al., who took measurements of mercury concentrations and isotopic abundances in air, snow, vegetation and soils at the Toolik Field Station in the northern interior of Alaska, and at several other locations, over a period of two years. By using a state-of-the-art technique called multi-collector inductively coupled plasma mass spectrometry, combined with rigorous analytical protocols and procedures to optimize detection limits, accuracy and precision, the authors show that the relative abundance of mercury isotopes in vegetation matches that of GEM, but is significantly different from that of ionic mercury (Hg(ii), the oxidized form of mercury, which is also found in air). They also show that Δ 199 Hga measure of the isotopic composition of mercury 9 -for GEM overlaps with that of Arctic vegetation. These isotopic data reveal that GEM accounts for 90% of the mercury in plants, and that plant uptake of mercury is enhanced in summer.
Plant materials are continually added to soils, where they incompletely decompose and accumulate over time as humus. The mercury in Arctic plants will, therefore, accumulate in tundra soils. Thus, these soils, particularly those that are rich in organic matter, might represent a substantial global sink for this potentially toxic metal. Other Arctic regions will also need to be investigated to quantify the magnitude of this mercury reservoir.
Obrist and colleagues' findings raise key questions about the 'background' levels of mercury that occur in plants and soils. Enrichment of trace metals that result from biological processes can easily confound our ability to quantify contamination by human activities. For example, mercury concentrations in the most recently deposited sediment layers of Arctic lakes are greater than in older sediments. This is commonly attributed to anthropogenic mercury emissions. But some studies (see ref. 10 , for example) suggest that the higher concentrations might be partly or entirely produced by an elevated rate of mercury scavenging by algae -caused by greater productivity of the algae as a result of the climate warming that started during the twentieth century.
The new work has implications for the accumulation of mercury in the two most important reservoirs of organic matter in the terrestrial biosphere: humus in soils and peat in waterlogged environments. The findings beg the question of how mercury uptake by vegetation affects the transport of this element by particulate and dissolved organic matter to northern rivers. And how will all of these processes be affected by climate change? Obrist and colleagues' work will inspire further studies of the biological cycle of mercury, which will help us to understand the impacts of human activities. The study also shows how careful analyses of the isotopic composition of mercury can help to unravel the complexities involved. ■ 3 . In this issue, Strom et al. 4 (page 241) and Larson et al. 5 (page 236) find another role for phase separation in the cell: driving the formation of a repressive DNA domain called heterochromatin.
The human genome consists of a 2-metrelong DNA strand that must be packed into a roughly 10-micrometre-wide nucleus. This is achieved through folding into an organized material called chromatin, which is composed mostly of DNA wrapped around histone proteins. Chromatin is not uniform, but contains several large, compact domains called heterochromatin, in which various repetitive elements and unused genes are kept in a repressed state. This ensures the stability of the genome and helps cells to become specialized by preventing unwanted transcription. Despite the high level of compaction, heterochromatin domains must remain accessible to enzymes so that, for instance, DNA can be efficiently repaired if damaged 6 . A key outstanding question is how geographically distinct regions of chromatin can organize into large, condensed heterochromatin domains while nevertheless remaining accessible.
Heterochromatin protein 1 (HP1) is a key element in heterochromatin formation. It binds to chemical modifications on histones that 'bookmark' transcriptionally silent regions of chromatin, and it recruits other heterochromatin components. It can also bind to other HP1 molecules attached to the chromatin fibre, and as such is thought to keep the domain in a condensed state by creating staple-like connections between HP1-associated chromatin regions.
Strom et al. analysed heterochromatin formation in the nuclei of early-stage fruitfly embryos. Intriguingly, they observed that heterochromatin domains labelled with a form of HP1 called HP1a bear the hallmarks of phase-separated compartments: the domains grow by fusing together; they repel large, inert macromolecules; and they mostly dissolve in the presence of an alcohol that disrupts weak hydrophobic interactions. The group confirmed the liquid-like nature of heterochromatin by showing that purified HP1a phase-separates in solution, forming liquidlike drops.
Larson et al. compared the properties of the three human forms of HP1 in vitro. They discovered that one, HP1α, can sponta neously phase-separate in solution and form liquidlike droplets. Interestingly, these properties emerged only when the protein was phosphorylated or in the presence of DNA -conditions that evoke conformational changes that allow the protein to bind other HP1 molecules. Using a sophisticated in vitro assay, the group showed that liquid-like drops of HP1α can form on a stretched DNA strand and pack it together into a small, dense point. The group also demonstrated that DNA wrapped around histones that carry chemical modifications characteristic of heterochromatin domains becomes locally concentrated through 
Years Ago
The position of the centre of gravity of the human body has been measured in a wide range of conditions, but in many cases a high degree of accuracy was not possible because of the crude nature of the equipment … For the erect human body the swaying motion associated with long durations of standing is readily observed, but measurements of this movement are rare … Preliminary measurements of this continuous movement of the centre of gravity have been made. The subject stands on a horizontal circular platform which is supported by three cantilevers at equally spaced positions around the periphery of the platform. Each cantilever has strain gauges attached to it, giving a continuous reading of the load on each support. Analysis of these readings allows the continuous movement of the centre of gravity of the body to be determined. From Nature 15 July 1967
May I make an appeal through your columns to any men of science who have calculating machines … not in active use to communicate with me? My laboratory has at present very heavy computing work of an urgent character in hand for a Government department. This keeps nine machines running almost incessantly, and when any machine gets out of order it is … almost impossible to get it rapidly and effectively repaired. Quite fancy prices are now being asked often for completely worn-out machines … When the war is over machines will return to their normal priceindeed, will probably be at reduced prices, for the war has taught many persons their value and the market will be wider than it has hitherto been, so that foreign monopolies are certain to be broken down. From Nature 12 July 1917 enrichment inside an HP1α drop. These two studies provide a fresh perspective on how heterochromatic domains perform their function. It seems that the access of mol ecules to heterochromatin might be determined by selectivity at the interface between the liquid drop and its surroundings, rather than by simple spatial confinement in the dense chromatin meshwork. Selectivity has been seen in other liquid-like cell compartments, such as RNA-protein compartments called nucleoli 7 , and could explain why certain large proteins diffuse freely in heterochromatin, whereas some small molecules are excluded.
The dynamic properties of a liquid-like domain might facilitate the repair of DNA breaks within heterochromatin. Liquidity would allow relocation of the damaged DNA segment from the centre to the boundary, where it can be accessed by the large protein complexes required for repair. Complexes that mediate transcription or replication could also access heterochromatic regions in this way, allowing them to act at the appropriate times without disrupting the domain as a whole.
In both studies, the concentration of HP1 required for phase separation in vitro was much larger than that found in nuclei. Together with their other data, this points to an in vivo model in which HP1 becomes concentrated locally by binding to chromatin marked with repressive chemical modifications, then phase-separates on the DNA strand and spreads to other regions (Fig. 1) . The two studies are focused on constitutive heterochromatin, which is highly repetitive, HP1-enriched and always transcriptionally silenced. It will be interesting to see whether liquid-phase-based organization also governs the formation of facultative heterochromatin, which harbours genes that need to be silenced only in certain tissues and at particular developmental stages.
Although heterochromatin domains are largely silent, RNA transcription from within these domains in fact helps to maintain them, acting as a platform from which to recruit heterochromatin components and as a template to produce small RNAs that reinforce silencing 8 . RNA is a potent trigger for phase separation 9, 10 , and many phase-separated compartments contain RNA (ref. 3) , so it will be interesting to see whether the formation of HP1 liquid-like droplets is triggered by nascent RNA transcripts.
The discovery of HP1-driven phase separation provides a plausible explanation for the fact that heterochromatin is highly sensitive to temperature changes -a key characteristic of phase-separating systems 11 . This sensitivity of heterochromatin was first observed in flies 12 , in which high temperatures affect position-dependent heterochromatin silencing. It has also been reported in yeast 13 and certain flowering plants 14 . Temperature-dependent phase separation of heterochromatin could therefore provide a way for organisms to effect large-scale changes in chromatin organization in response to changing environmental conditions.
Phase separation is emerging as a general mechanism for genome organization 15, 16 . Combining our understanding of the physical and chemical properties of In the cell nucleus, DNA is packaged around histone proteins as chromatin. DNA is transcribed from many regions of chromatin, but in places in which transcription must be repressed, chromatin is highly compacted by heterochromatin protein 1 (HP1), which binds to repressive chemical modifications on histones to form heterochromatin. Strom et al. 4 and Larson et al. 5 report that HP1 mediates heterochromatin formation by phase-separating, forming liquid-like domains in which chromatin becomes enriched and compacted. The fusion of liquid droplets might increase the size of these domains. Some proteins (perhaps those that mediate transcription) are excluded from the droplets.
chromatin with techniques to analyse the 3D structure of the genome and its interactions with other molecules will be an essential step in better understanding the principles that govern the nuclear architecture of heterochromatin. . Tau amyloid fibrils seem to be at the root of dozens of age-related types of dementia and movement disorders 2 , most notably Alzheimer's disease. On page 185, Fitzpatrick et al. 3 report a crucial step towards understanding tau amyloid fibrils, describing structures for the two types of fibril seen in Alzheimer's disease -paired helical and straight tau filaments.
Normal tau stabilizes molecular tracks called microtubules, along which cargo is transported in long neuronal projections in the brain. But when tau is overproduced or shed from microtubules, it stacks up, forming amyloid fibrils of various conformations that spread from cell to cell. Some evidence suggests that the various tau-related dementias may each result from fibrils of different conformations 4 .
Fitzpatrick et al. extracted tau amyloid fibrils from the brain of a 74-year-old woman who had been diagnosed with Alzheimer's disease 10 years before her death. They visualized the fibrils using a technique called cryo-electron microscopy (cryo-EM) 5 . Of the protein's 441 amino-acid residues, the 73 residues that make up the stable core of tau amyloid fibrils are clearly visible in the cryo-EM maps, whereas most of the residues at the ends of the protein are too poorly ordered to be seen.
The authors found that a C-shaped curve, observed in a previous low-resolution study of fibrils 6 , could be resolved as stacked copies of tau. Each copy formed the letter C, one half tracing a C-shaped curve, and the other half sharply reversing to trace a smaller C that nests inside the first. One C-shaped stack forms a protofilament, and two protofilaments wind around each other to form the amyloid fibril (Fig. 1) . In the paired helical filaments, the protofilaments make contact symmetrically near the sharp turn, whereas in the straight filaments, the two
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Taming tangled tau
The protein tau forms abnormal filamentous aggregates called tangles in the brains of people with neurodegeneration. Structures of two such filaments offer pathways to a deeper understanding of Alzheimer's disease. See Article p.185 3 imaged two types of abnormal tau aggregate -straight filaments and paired helical filaments -from the brain of a person who'd had Alzheimer's disease. In both cases, individual tau proteins form C shapes (the protein's main chain is indicated by a cartoon ribbon with arrows; side chains are shown in grey around the ribbon), which stack together to form protofilaments. Here, 14 protein layers are shown in each protofilament. The filaments are composed of two identical protofilaments, connected at different interfaces. Notable features of the protofilaments include a steric zipper (a common motif in aggregated proteins, which resists disassembly; purple) and a surprisingly complex structure called a β-helix (yellow). This structure (magnified in the inset) requires amino acids to occur in a precise pattern such that hydrophilic (charged and polar) amino-acid side chains face outwards, and hydrophobic, apolar side chains face inwards. 
